THIN FILM MAGNETIC HEAD AND 
METHOD OF MANUFACTURING THE SAME 



BACKGROUND OF THE INVENTION 
Field of the Invention: 

This invention relates to a thin film magnetic head and a method 
for manufacturing the same usable for a magnetic recording and reading 
device such as a magnetic disk device. 
Related Art Statement: 

For realizing a high density recording in a magnetic disk device, a 
recording track width to be wrote by a thin film magnetic head has become 
extremely narrower to, for example, not more man 1 .0 jam. A width of a 
pole part in the thin film magnetic head is required to be narrower for 
obtaining such an extremely narrow track-width, and as its means, it is known 
that an air bearing surface (hereinafter, abbreviated to "ABS") of a slider 
opposite to a magnetic recording medium is processed. In the case of such a 
technique to obtain the extremely narrow track-width, the surface of the slider 
opposite to the magnetic recording medium is polish-processed, etc., to form 
a gap having a given depth, and thereafter the area containing the magnetic 
film constituting the pole part is dug up to form a trim structure. Or a 
pattern is formed on the ABS by a photolithography technique and the ABS is 
processed along the formed pattern by ion-milling, etc. For example, [IEEE 
Transactions on Magnetics], Vol. 27, No. 6, November 1991 discloses the 
technique that a width of a pole part exposed to an ABS is reduced by 
converging ion beam. Moreover, [IEEE Transactions on Magnetics] , Vol. 30, 
No. 6, November 1994 discloses the technique that a width of a pole part to 
define a track width is reduced. 

One of the problems in the above conventional techniques is not 
suitable for mass-production since a complete thin film magnetic head is 
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processed. The other problem is that in employing the above processing 
method, for protecting, from oxidization and erosion, the end of the magnetic 
film constituting the pole part exposed to the bottom face of the thus dug 
depressed portion, a protective film is required to be formed on the whole 
surface opposite to the recording medium containing the ABS and the 
depressed portion. The protective film is generally made of diamond-like 
carbon (hereinafter, abbreviated to "DLC"). As the thickness of the protec- 
tive film is increased, the amount of the material to be stuck to the ABS of 
which the protective film is made is obviously increased, so that spacing loss 
is rose up and thereby electromagnetic conversion characteristics are degraded. 

The above problems is not only peculiar to the digging process to 
narrow the track width, but also is brought about to the case of digging up the 
area containing the pole part. 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide a thin film 
magnetic head having a narrowed recording track-width. 

It is another object of the present invention to provide a thin film 
magnetic head having an excellent overwrite characteristic. 

It is still another object of the present invention to provide a thin 
film magnetic head capable of reducing its spacing loss. 

It is further object of the present invention to provide a thin film 
magnetic head capable of protecting a magnetic film constituting a pole part 
from oxidization and erosion, etc. 

The present invention also relates to a method for manufacturing a 
thin film magnetic head and its object is to provide the manufacturing method 
suitable for manufacturing the above thin film magnetic head. 

A thin film magnetic head according to the present invention 
comprising: 
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a slider having an air bearing surface opposite to a magnetic recording 
medium, 

an inductive type thin film magnetic head including a first magnetic film 
having a first pole part of which the forefront surface is exposed to the air 
bearing surface and a first yoke part extending to the opposite side of the air 
bearing surface from the first pole part, a second magnetic film having a 
second pole part opposite to the first pole part of the first magnetic film via a 
gap film and extending to the opposite side of the air bearing surface from the 
second pole part to be connected to the first yoke part of the first magnetic 
film, a thin film coil wound so as to be capable of passing through the 
magnetic circuit surrounded by the first and the second magnetic films and. 
supported by an insulated film, and a protective film to cover the first and 
second magnetic films, the gap film and the thin film coil, the inductive type 
thin film magnetic head being supported by the slider and constituting an 
inductive type thin film magnetic head element, wherein: 

the forefront surface in the air bearing surface side of the second yoke 
part of the second magnetic film is receded from the air bearing surface and 
the second pole part has a first step dl in the running direction of magnetic 
recording medium and a second step d2 in the perpendicular direction to the 
running direction, and the protective film embeds the first and the second 
steps between the periphery of the forefront surface of the yoke forefront 
surface and the second pole part. 

In the thin film magnetic head according to the present invention, 
the forefront face, the boundary between the second yoke part and the second 
pole part is receded from the ABS, and the second pole part having steps to 
the periphery of the ABS is elongated to the ABS from the forefront face of 
the yoke. Thus, the magnetic flux generated from the thin film coil flows to 
the second pole part from the second yoke part and thereby is efficiently 
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conducted to the forefront face of the second pole part, resulting in the 
development of the overwrite characteristic. 

Moreover, since the inductive type thin film magnetic head 
element is entirely covered with the protective film, it can be protected with 
the protective film. The protective film covers the thin film magnetic head, 
and besides, it embeds the steps between the periphery of the yoke forefront 
surface and the second pole part. In the second pole part, the forefront 
surface of the first and the second pole parts, which is needed for magnetic 
conversion, are to be exposed to the outside and the side, etc. of the second 
pole part is covered with the protective film. Thus, the magnetic film 
constituting the second pole part can be protected from oxidation and erosion. 

Moreover, since the side, etc. of the second pole part is covered 
with the protective film indispensable to protect the inductive type thin film 
magnetic head element, a protective film made of DLC, etc. may be formed in 
a minimum thickness. Thus, the increase of the spacing loss due to the 
protective film can avoided and its electromagnetic conversion characteristics 
can be improved. 

The thin film magnetic head according to the present invention can 
have the second pole part having a width of not more than 1 |im. In this case, 
it is preferable, for balancing each part of the magnetic head and obtaining 
good characteristics, that the yoke forefront surface of the second yoke part is 
receded from the ABS by 0.1-1.5 |mm and the first and second steps dl and d2 
are 0.1-4 jam and 0.1-5 [im, respectively. 

Moreover, in the preferred embodiment of the thin film magnetic 
head according to the present invention, the second magnetic film includes a 
main magnetic film and a subsidiary magnetic film, the main magnetic film 
being opposite to the insulated film to form the second pole part and being 
extended backward to the ABS to be connected to the first magnetic film, the 
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subsidiary magnetic film being formed in the opposite side to the opposing 
surface of the main magnetic film to the insulated film to constitute the yoke 
forefront surface. 

Moreover, in the thin film magnetic head according to the present 
invention, the gap film is formed so as to cover the first magnetic film almost 
entirely and the insulated film is provided on the gap film. The yoke 
forefront surface may rise up on the gap film in the forefront of the insulated 
film in the ABS side or in the position near the ABS from the forefront of the 
insulated film. Particularly, the latter structure is effective for reducing a 
dimension of Throat Height. 

Furthermore, it is preferable to remove the gap film and the part of 
the first magnetic film in its thickness around the one side or the both sides of 
the first pole part, thereby to form a depressed portion to define the width of 
the first pole part. In the case of forming depressed portions in the both 
sides of the first pole part, the first pole part can have a width almost equal to 
that of the second pole part as they are viewed from the ABS. 

Moreover, the thin film magnetic head according to the present 
invention preferably has a laminated magnetoresistive effective element 
besides the inductive type thin film magnetic head element. 

This invention is also relates to a method for manufacturing a thin 
film magnetic head in which a first magnetic film, a gap film and a thin film 
coil supported by an insulated film are formed on a substrate to be a slider 
and thereafter a second magnetic film is formed, the step of forming the 
second magnetic film comprising the steps of: 

forming a main magnetic film having a pole part opposite to the first 
magnetic film via the gap film and a yoke part connected to the first magnetic 
film backward in the opposite side of the pole part, 

forming a pattern of resist around the main magnetic film so as to cover 
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the pole part of the main magnetic film and leave a space between itself and 
the sides of the pole part in the area within the yoke part from the pole part, 
and 

forming a subsidiary magnetic film in the area surrounded by the resist 
pattern. 

In the present invention, the step of forming the subsidiary magnetic 
film within the area surrounded by the resist pattern may be performed by a 
electroplating method or a sputtering method. 

Moreover, in the preferred embodiment of the manufacturing 
method of the thin film magnetic head according to the present invention, the 
gap film and the first magnetic film are partially removed in the both sides in 
its width direction of the pole part before or after the subsidiary magnetic film 
is formed, to form depressed portions. In the former case, it is preferable to 
stick a non-magnetic film at least on the exposed surface, formed by the 
above removing, of the first magnetic film before forming the subsidiary 
magnetic film. 

BRIEF DESCRIPTION OF THE DRAWINGS 
For a better understanding of this invention, reference is made to 

the attached drawings, wherein: 

Fig. 1 is a perspective view showing a first embodiment of the thin 

film magnetic head according to the present invention, 

Fig. 2 is a cross sectional view showing the thin film magnetic 

head of Fig. 1, 

Fig. 3 is a partially enlarged perspective view showing the 
structure of the pole part in the thin film magnetic head shown in Figs. 1 
and 2, 

Fig. 4 is a partially enlarged perspective view showing the end of 
the pole part in the thin film magnetic head shown in Figs. 1 and 2, 
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Fig. 5 is a graph showing the relation between the track width and 
the overwrite characteristic, 

Fig. 6 is a cross sectional view showing a second embodiment of 
the thin film magnetic head according to the present invention, 

Fig. 7 is a partially enlarged perspective view showing the 
structure of the pole part in the thin film magnetic head shown in Fig. 6, 

Fig. 8 is a partially enlarged perspective view showing the 
structure of the pole part in a third embodiment of the thin film magnetic head, 

Fig. 9 is a cross sectional view showing a fourth embodiment of 
the thin film magnetic head according to the present invention, 

Fig. 10 is a partially enlarged perspective view showing the 
structure of the pole part in a third embodiment of the thin film magnetic head 
shown in Fig. 9, 

Fig. 1 1 is a cross sectional view showing a manufacturing steps of 
the thin film magnetic head in the first embodiment shown in Figs. 1-4, 

Fig. 12 a cross sectional view, taken on line "12-12" of Fig. 11, 

Fig. 13 a plan view of the pole part of the thin film magnetic head 
shown dn Fig. 11, 

Fig. 14 is a cross sectional view showing a step after the step in 

Fig. 11, 

Fig. 15 is a cross sectional view, taken on line "15-15" of Fig. 14, 
Fig. 16 is a plan view of the pole part of the thin film magnetic 
head shown in Fig. 14, 

Fig. 17 is a cross sectional view showing a step after the step in 

Fig. 14, 

Fig. 18 is cross sectional view, taken on line "18-18" of Fig. 17, 
Fig. 19 is a plan view of the pole part of the thin film magnetic 
head shown in Fig. 17, 
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Fig. 20 is a cross sectional view showing a step after the step in 

Fig. 17, 

Fig. 21 is a cross sectional view, taken on line "21-21" of Fig. 20, 
Fig. 22 is a plan view showing the pole part of the thin film 
magnetic head shown in Fig. 20, 

Fig. 23 is a cross sectional view showing a step after the step in 

Fig. 20, 

Fig. 24 is cross sectional view, taken on line "24-24" of Fig. 23, 
Fig. 25 is a cross sectional view showing a manufacturing step in 
J;* the third embodiment of the thin film magnetic head, shown in Fig. 8, 

C3 according to the present invention, 

H 

IJI Fig. 26 is a cross sectional view, taken on line "26-26" of Fig. 25, 

JI Fig. 27 is a plan view showing the pole part of the thin film 

■** magnetic head shown in Fig. 25, 

j;- ; Fig. 28 is a cross sectional view showing a step after the step in 

V< Fig. 25, 

Fig. 29 is a cross sectional view, taken on line "29-29" of Fig. 28, 
Fig. 30 is a plan view showing the pole part of the thin film 
magnetic head shown in Fig. 28, 

Fig. 31 is a cross sectional view showing a step after the step in 

Fig. 28, 

Fig. 32 is a cross sectional view, taken on line "32-32" of Fig. 31, 
Fig. 33 is a cross sectional view showing a manufacturing step in 

the fourth embodiment of the thin film magnetic head, shown in Fig. 9, 

according to the present invention, 

Fig. 34 is a cross sectional view, taken on line "34-34" of Fig. 33, 
Fig. 35 is a plan view of the pole part of the thin film magnetic 

head shown in Fig. 33, 
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Fig. 36 is a cross sectional view showing a step after the step in 

Fig. 33, 

Fig. 37 is a cross sectional view, taken on line "37-37" of Fig. 36, 
Fig. 38 is a plan view of the pole part of the thin film magnetic 
head shown in Fig. 36, 

Fig. 39 is a cross sectional view showing a step after the step in 

Fig. 36, 

Fig. 40 is a cross sectional view, taken on line "40-40" of Fig. 39, 
Fig. 41 is a plan view showing the pole part of the thin film 
magnetic head shown in Fig. 39, 

Fig. 42 is a cross sectional view showing a step after the step in 

Fig. 39, 

US 

f* Fig. 43 is a cross sectional view, taken on line "43-43" of Fig. 42, 

*U 

J Fig. 44 is a plan view showing the pole part of the thin film 

r 

If; magnetic head shown in Fig. 42, 

Fig. 45 is a cross sectional view showing a step after the step in 

€1 

O Fig. 42, 

III 

Fig. 46 is a cross sectional view, taken on line "46-46" of Fig. 45 
Fig. 47 is a plan view showing the pole part of the thin film 

magnetic head shown in Fig. 45, 

Fig. 48 is a cross sectional view showing a step after the step in 

Fig. 45, and 

Fig. 49 is a cross sectional view, taken in line "49-49" of Fig. 48. 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS . 

Fig. 1 is a perspective view showing a first embodiment of the thin 
film magnetic head according to the present invention, Fig. 2 is a cross 
sectional view showing the thin film magnetic head of Fig. 1, Fig. 3 is a 
partially enlarged perspective view showing the structure of the pole part in 
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the thin film magnetic head shown in Figs. 1 and 2, and Fig. 4 is a partially 
enlarged perspective view showing the end of the pole part in the thin film 
magnetic head shown in Figs. 1 and 2. For clarifying the features of the 
present invention, in these figures, the dimension of each part of the thin film 
magnetic head is different from that in the practical one. The thin film 
magnetic head in this embodiment has a slider 1, an inductive-type thin film 
magnetic head 2 formed so as to be supported by the slider, a magnetoresistive- 
type thin film magnetic head 3 and two pairs of composite type thin film 
magnetic head, of which the entire part is covered with a protective layer 26. 

Rail parts 11 and 12 are formed on the face of the slider 1 opposite 
to a recording medium, and the surfaces of the rail parts are used as ABSs 13 
and 14. The number of the rail part is not limited to two.. For example, the 
thin film magnetic head may have one to three rail parts, or no rail part. 
Moreover, for improving a floating characteristic or the like, the face of the 
slider 1 opposite to a recording medium may have various geometrical shapes. 
The present invention may be applied to every type of the above 
configuration. The slider 1 is made of ceramic material such as AlTiC. 

The inductive type thin film magnetic head 2 , supported with the 
slider 1, has a first magnetic thin film 21, a gap film 24, a second magnetic 
thin film 22, thin film coil 23, insulated films 25 and a protective film 26. 
The first magnetic film 21 has a first pole part 210. The thin film coil 23 is 
supported with the organic insulated layer 25. The first magnetic layer 2 1 , 
the gap film 24, the second magnetic film 22, the thin film coil 23, the organic 
insulated film 25 and the protective film 26 are formed, of the materials well 
known to them, in thicknesses and patterns well known to the ordinary person 
skilled in the art, respectively. Moreover, they may be made by an ordinary 
means. The concrete examples in the above films are described as follows: 

The first magnetic film 21 is formed, of a soft magnetic material 
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such as NiFe, CoFe, CoFeNi, in a thickness of 0.5-4 \xm. The film may be 
formed by a plating method, a sputtering method or the like. 

The second magnetic film 22 is formed, of a soft magnetic material 
such as NiFe, CoFe, CoFeNi, in a thickness of 3-5 ^m. The film may be 
formed by a frame plating method or the like. The detailed description 
about the plating is concretely explained in a manufacturing method 
according to the present invention. 

The thin film coil 23 are formed of a conductive material such as 
Cu, etc. The thickness of the thin film coil is preferably 2-5 u,m. The thin 

g film coil 23 is preferably formed by a frame-plating method or the like. 

Jj" The S a P film 24 may be formed of a non-magnetic insulated 

material such as A1 2 0 3 , Si0 2 or a non-magnetic metallic material. In the case 

U °f forming the gap film of the non-magnetic insulated material, a sputtering 

) y method is preferably used. In me case of forming of the non-magnetic 

metallic material, a plating method or a sputtering method may be used. 

ff Its thickness is preferably 0.01-0.5 jjm. 

Q The insulated films 25 is preferably formed by curing a photoresist 

material. The layer-number and the thickness of the insulated film 25 
change depending on the layer-number of the thin film coil 23 and the 
supporting structure of the thin film coil. Generally, its thickness is 3-20 [im. 

The protective film 26 may be formed of an insulated material such 
as A1 2 0 3 , Si0 2 , etc. Its thickness is preferably 5-50 nm. The film may be 
formed by a sputtering method or the like. 

The second magnetic film 22 has a second pole part 220 and a 
yoke part 221 . The backside of the yoke part 221 to the ABS 13 or 14 as a 
position-standard is magnetically connected to the first magnetic film 21, and 
the forefront surface 222 of the yoke is receded from the ABS 13 or 14 and 
rises up almost perpendicular to the surface of the gap film 24. The yoke 
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part 221 is attached to the insulated film 25 to support the thin film coil 23. 

The second pole part 220 is opposite to the first pole part 210 via 
the gap film 24. The second pole part 220 has a step dl in a running 
direction al of a magnetic recording medium within the yoke forefront 
surface 222 almost parallel to the ABS 13 or 14. Moreover, the second pole 
part 220 has a width smaller than that of the yoke forefront surface 222 so 
that it can have a step d2 in a perpendicular direction to the running 
directional . The second pole part 220 extends to the ABS 1 3 or 14 from the 
yoke forefront surface 222 and its pole surface 223 constitutes a part of the 
ABS 13 or 14. The first pole part 210 is composed of the opposite part of 
the first magnetic film 21 to the second pole part 220, both of the first and the 
second pole parts sandwiching the gap film 24. 

The thin film coil 23 constitutes a thin film magnetic circuit as well 
as the first magnetic film 21, the second magnetic film 22 and the gap film 24. 
The thin film coil is supported by the insulated film 25 and is so formed that it 
can wind around the connection of the yoke part. Both ends of the thin film 
coil 23 is conducted to takeout electrodes 27 and 28 (see Fig. 1 ). The winding 
number and the layer-number of the thin film coil 23 is not restricted. In this 
embodiment, the thin film coil 23 has a two-layered structure. 

The protective film 26 embeds the steps dl and d2 between the 
periphery of the yoke forefront surface and the second pole part 220, and 
covers the inductive type thin film magnetic head 2 entirely. 

In the thin film magnetic head according to the present invention, 
the slider 1 has the ABSs 13 and 14 in the opposite side to a medium and the 
inductive type thin film magnetic head 2 is provided on the slider 1, so that 
the thin film magnetic head may be used as a floating type thin film magnetic 
head which is employed with a magnetic recording medium such as a 
magnetic disk. 
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As above-mentioned, in the inductive type thin film magnetic head 
2 according to the present invention, the forefront surface 222 of the yoke part 
221 in the second magnetic film 22 is receded from the ABSs 13 and 14, and 
the second pole part 220 is so formed that it can have the steps dl and d2 to 
the periphery of the yoke forefront surface 222. Thus, the magnetic flux 
generated by making a writing current flow in the thin film coil 23 can be 
converged effectively between the first and the second pole parts 210 and 220, 
and thereby a writing magnetic field can be generated in the gap film 24 
between the pole parts 210 and 220. 

The yoke part 221 of the second magnetic film 22, of which the 
backside.is magnetically connected to the first magnetic film 21, can make 
flow the magnetic flux generated from the writing current in the thin film coil 
23 between the first and the second pole parts 210 and 220, effectively. 

The second pole part 220 has the steps dl and d2 within the 
periphery of the yoke forefront surface 222 and extends to the ABSs 13 and 
14 from the forefront surface 222, of which the pole surface 223 constitutes 
parts of the ABSs 13 and 14. In other words, the second pole part 220 has 
the width which decreases by the step d2 within the periphery of the yoke 
forefront surface from the width W20 of the yoke forefront surface 222 in a 
track direction. Thus, the second pole part 220 has the width W21 narrowed, 
by die step d2 within the periphery of the yoke forefront surface 222, from the 
width of the pole surface 223 in the track direction constituting the ABSs 13 
and 14. As a concrete numeric value, the track width W21 of the pole 
surface 223 is not more than 1 jj.m, the length "LI" of the second pole part 
220 being 0.1-1.5 urn, the width W20 of the yoke forefront surface 222 being 
2 ^m, the step dl being 0.1-4 Jim, the step d2 0.1-5 pm and the height hO 
being 0.1-4 Jim. 

The yoke forefront surface 222 rises up on the gap film 24, and the 
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second pole part 220 has the steps dl and d2 within the periphery of the yoke 
forefront surface 222 and extends to the ABSs 13 and 14 within the surface 
222. In this case, since the yoke forefront surface 222 is substantially a 
point of a Throat Height "0", the Throat Height (TH), which is 0.1-1.5 ]xm, 
for example, is defined as the length LI to the yoke forefront surface 222 
from the pole surface 223 of the second pole part 220 constituting the ABSs. 
It enables a sufficient writing magnetic flux to be supplied up to the yoke 
forefront surface 222 and the supplied magnetic flux to be effectively 
conveyed the pole surface 223 of the second pole part 220, resulting in the 
enhancement of the overwrite characteristics. 

Fig. 5 shows data graphing the relation between the track width 
W21(jam) and the overwrite (dB). In the figure, the abscissa axis depicts the 
track width w21 (jam) and the longitudinal axis depicts the overwrite (dB). 
The curve LI shows the overwrite characteristic in the thin film magnetic 
head according to the present invention and the curve L2 shows the overwrite 
characteristic in the conventional thin film magnetic head (dl, d2=0). 
As shown in the figure, the thin film magnetic head according to the present 
invention has a much better overwrite characteristic than the conventional 
thin film magnetic head within the track width of 1 .0-2.0 jam. Besides, the 
thin film magnetic head according to the present invention has a remarkably 
small degree of the overwrite characteristic-degradation to the narrowing the 
track width W21 . Thus, if the track width W21 is decreased to 1 .0 jam, the 
thin film magnetic head according to the present invention has the overwrite 
characteristic equal to that of the conventional thin film magnetic head in its 
track width of 2.0 jam. Moreover, if the thin film magnetic head according 
to the present invention has the track width W21 of 0.8 jam smaller than 
1.0 jam, it is easily estimated that it can have the overwrite characteristic not 
less than 35dB. 
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■ Moreover, the inductive type thin film magnetic head according to 
the present invention may be entirely protected with the protective film 26. 
It enables the steps dl and 62 between the second pole part 220 and the 
periphery of the yoke forefront surface 222 to be embedded. Of the second 
pole part 220, only the pole surface 223 needed in magnetic conversion is 
exposed to the ABSs 13 and 14. The side, etc. of the second pole part 220 is 
covered with the protective film 26. Thus, the magnetic film constituting the 
second pole part 220 can be protected from oxidation and erosion. 

Since the side, etc. of the second pole part 220 is covered with the 
protective film 26 indispensable to protect a magnetic conversion element, a 
protective film made of DLC, etc. may be formed in a minimum thickness. 
Thus, the increase of the spacing loss can be avoided and its electromagnetic 
conversion characteristic can be improved. 

The thin film magnetic head according to the present invention 
shown in Figs. 1 to 4, in which the inductive type thin film magnetic head 2 is 
exclusive for writing and which has a MR element 3 for reading, is a 
composite type. In this embodiment, although such composite type thin film 
magnetic heads 2 and 3 are provided in the ends of the rail parts 11 and 12 in 
a recording medium-moving direction al, respectively, a pair of composite 
type thin film magnetic head may be provided on either the rail part 11 or 12. 
The recording medium-moving direction al corresponds to an outflow 
direction of an air when the recording medium moves at high speed. In the 
backside of the inductive type thin film magnetic head 2 as is viewed in the 
recording medium-moving direction al are provided the electrodes 27, 28 
connected to the inductive type thin film magnetic head 2 and electrodes 33, 
34 connected to the MR element 3. 

As the MR element 3, various layered structures are suggested and 
practically used up to now. The MR element 3 may be composed of an 
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anisotropically magnetoresistive effective element made of permalloy, etc, a 
giant magnetoresistive (GMR) effective film and the like. Moreover, it may 
be so composed that it may use a tunnel connection-magnetoresi stive (TMR) 
effect. However, the MR element in the present invention may be composed 
of every kind of layered structure as above-mentioned. The MR element 3 is 
positioned in the insulated film 32 between a first shielding film 31 and the 
first magnetic film 21 doubling as a second shielding film. The insulated 
film 32 is made of alumina, etc. The MR element 3 is connected to the 
electrodes 33 and 34 (see, Fig. 1) with a leading conduction 35 (see, Fig. 2). 

In this embodiment, since the first magnetic film 21 constituting 
the bottom magnetic film of the magnetic conversion element 2 doubles as the 
second shielding film for the MR element 3, its thickness is almost constant 
and its one surface is plane. The gap film 24 is attached to the plane one 
surface of the first magnetic film 21 . 

Among the first and the second magnetic films 21 and 22, the 
second magnetic film 22 has a main magnetic film 224 and a subsidiary 
magnetic film 225. The main magnetic film 224 is formed on the surface of 
the insulated film 25 by a plating method, for example, constituting the 
second pole part 220. The backside of the main magnetic film 224 is 
connected to the first magnetic film 21 . The main magnetic film 224 may be 
formed by a sputtering method. 

The subsidiary magnetic film 225 is formed on the main magnetic 
film 224 by an electroplating method, a sputtering method, etc. The yoke 
forefront surface 222 constitutes the end of the subsidiary magnetic film 225. 

The above construction can make small the Throat Height (TH) 
and improve the overwrite characteristic by controlling the position of the 
yoke forefront surface 222 in the subsidiary magnetic film 225 to the main 
magnetic film 224. 
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Moreover, a required characteristic can be improved by enhancing 
the magnetic efficiency of the second magnetic film 22 and making different 
the magnetic characteristics of the main magnetic film 224 and the subsidiary 
magnetic film 225. 

For example, if the saturated magnetic flux density of the main 
magnetic film 224 is larger than that of the subsidiary magnetic film 225, the 
high frequency recording characteristic can be improved. In this case, the 
subsidiary magnetic film 225 is made of a permalloy having a composition of 
Ni(80%)-Fe(20%) and the main magnetic film 224 is made of a permalloy 
having a composition of Ni(50%)-Fe(50%). As another means to improve 
the high frequency recording characteristic, it is effective to make large the 
resistivity of the main magnetic film 225 than that of the subsidiary magnetic 
film 225. 

It is also effective to make large the wear resistance of the main 
magnetic film 224 than mat of the subsidiary magnetic film 225. In this case, 
the wear of the main magnetic film 224 adjoining the gap film 24 and 
defining the gap thickness can be avoided and thereby a stable electromagnetic 
conversion characteristic can be obtained. Although its detail description is 
omitted, the first magnetic film 21 may be composed of the above-mentioned 
structure. Moreover, a depressed portion may be formed on a surface of a 
substrate and main parts such as a coil part of an inductive type thin film 
magnetic head may be provided in the depressed portion. Such a structure 
can make small a size of a thin film magnetic head. 

Fig. 6 is a cross sectional view showing a second embodiment of 
the thin film magnetic head according to the present invention, and Fig. 7 is a 
perspective view enlargedly showing the pole part of the thin film magnetic 
head shown in Fig. 6. The similar parts in the figures to ones in Figs. 1 to 4 
are depicted by the same references. In this embodiment, the yoke forefront 
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surface 222 of the second magnetic film 22 rises up on the insulated film 25. 
In this case, since a point of a Throat Height "0" is defined as the periphery of 
the insulated film 25 which is starting point of the rising up of the second pole 
part 220, the Throat Height (TH) is a distance to the periphery of the insulated 
film 25 from the pole forefront surface 223. 

In this embodiment, since the yoke forefront surface 222 is 
positioned nearby the Throat Height "0", a sufficient magnetic flux can be 
supplied to the throat Height "0". Thus, the overwrite characteristic can be 
much enhanced. 

Fig. 8 is a perspective view showing a third embodiment of the thin 
film magnetic head according to the present invention. The similar parts in 
the figures to ones in Figs. 1 to 4 are depicted by the same references. The 
thin film magnetic head shown in thin embodiment has depressed portions 41 
and 42. The depressed portions 41 and 42 are formed in the removed part of 
the gap film 24 in the edge portion composed of the yoke forefront surface 
222 and the second pole part 220. Moreover, the portions have a depth of hi 
which partially reduces the surface of the first magnetic film 21 . The 
depressed portions 41 and 42 are positioned in the both side of the first pole 
part 210, respectively. The yoke forefront surface 222 of the second 
magnetic layer 22 is positioned on the gap film 24 or the insulted layer 25 in 
the outside of the depressed portions 41 and 42. 

The above structure exhibits the same operation-effect as one in 
the embodiment shown in Figs. 1 to 4. Moreover, the structure can define 
the track widths W10 and W20 of the first and the second pole parts 210 and 
220 and thereby the thin film magnetic head suitable for high density- 
recording without sidefringing, etc. can be obtained. The track width W10 
of the first pole part 210 is almost equal to the track width w20 of the second 
pole part 220 as they are viewed from the ABSs 13 and 14. The depth hi of 
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the depressed portions 41 and 42 are set to 0.1-0.5 ju m, for example. 

Not illustrated, in the structure shown in Fig. 8, the yoke forefront 
surface 222 may be rose up on the insulated film 25 (see, Figs. 6 and 7). 

Fig. 9 is a cross sectional view showing still another embodiment 
of the thin film magnetic head according to the present invention, and Fig. 10 
is a perspective view enlargedly showing the pole part of the thin film 
magnetic head of Fig. 9. In these figures, the similar parts in the figures to 
ones in Figs. 1 to 4 are depicted by the same references. In thin embodiment, 
the interior surfaces of the depressed portions 41 and 42 are covered with 
p; non-magnetic film 226. The yoke forefront surface 222 rises up on the 

surface of the non-magnetic film 226. The non-magnetic film 226 is stuck 

|fl on the surface of the main magnetic film 224 and cover the bottom surfaces of 

id 

U the depressed portions 41 and 42. The subsidiary magnetic film 225 is stuck 

on the non-magnetic film 226 and the forefront part of the film 225 is 
extended into the depressed portions 41 and 42, constituting the yoke 

j* forefront surface 222. The subsidiary magnetic film 225 is formed on the 

w 

Q non-magnetic film 226 so that it may overlap the interiors of the depressed 

portions 41 and 42 by an overlapping amount gl. The yoke forefront 
surface 222 constituting the forefront part of the subsidiary magnetic film 225 
rises up on the surface of the non-magnetic film 226 in the depressed portions 
41 and 42. 

The above structure enables the Throat height TH in the second 
magnetic film 22, defined as die distance between the yoke-forefront surface 
222 composed of the subsidiary magnetic film 225 and the pole surface 223, 
to be smaller and the overwrite characteristic to be improved. Since the 
forefront of the yoke part 221 of the second magnetic film 22, including the 
yoke forefront surface 222, is formed on the non-magnetic film 226 so that it 
may overlap the interiors of the depressed portions 41 and 42 by the 
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overlapping amount gl, a magnetic short-circuit does not occur between the 
first and second magnetic films 21 and 22. The non-magnetic film 226 may 
be preferably made of the similar material to one of the gap film 24, for 
example, non-magnetic insulated material such as A1 2 0 3 , Si0 2 and non- 
magnetic metallic material. In the case of employing the non-magnetic 
insulated material, the non-magnetic film 226 may be formed by a sputtering 
method, etc. In the case of employing the non-magnetic metallic material, 
the non-magnetic film 226 may be formed by a plating method or a sputtering 
method. The non-magnetic film may has the thickness equal to that of the 
gap film 24. 

Not illustrated, in the structure shown in Figs. 9 and 10, the yoke 
forefront surface 222 may be rose up on the insulated film 25 (see, Figs. 6 and 

A manufacturing method of the thin film magnetic head according 
to the present invention will be described hereinafter. Figs. 1 1 to 24 are 
views showing steps in manufacturing the thin film magnetic head having the 
structure shown in Figs. 1 to 4. Not explained, the steps of Figs. 11 to 24 
may be applied to the thin film magnetic head shown in Figs. 6 and 7. 

First of all, the manufacturing method will be described with 
reference to Figs. 11 to 13. Fig. 11 is a cross sectional view showing a 
manufacturing step of the thin film magnetic head of Figs. 1 to 4, Fig. 12 an 
end view, taken on line "12-12", and Fig. 13 a plan view partially showing the 
thin film magnetic head of Figs. 11 and 12. 

As is illustrated, the first magnetic film 21, the gap film 24 and the 
thin film 23 supported by the insulated film 25 are formed on the substrate 1 
to be the slider by a well known means to an ordinary person skilled in the art 
and thereafter the main magnetic film 224 is formed. The main magnetic 
film 224 has the yoke part 221 and the pole part 220. The pole part 220, of 
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which the one end is connected to the yoke part 221, is so formed that it may 
be opposite to the first magnetic film 21 via the gap film 24. The backside 
of the yoke part 221 is magnetically connected to the first magnetic film 21. 
The main magnetic film 224 may be formed by an electroplating method, a 
sputtering method or a method combining these methods. The thickness of 
the main magnetic film 224 is about 3//m. In the case of forming the main 
magnetic film 224 by the electroplating method, a plated underfilm to be a 
seed layer is formed, by a conventional sputtering method, on the surface of 
the insulated film 25, in advance when an area to stick a plated film is an 
insulated area such as the surface of the insulated film 25 to support the thin 
film coil 23. 

Next, as is shown in Figs. 14 to 16, a pattern made of a resist 51 is 
formed around the main magnetic film 224. The pattern of the resist 51 
covers the pole part 220 within the intermediate part from the forefront part of. 
the pole part 220 and is so formed that it can have the spaces 52 and 53 
between itself and the side of the pole part 220 within the yoke part 221 from 
the intermediate part. The resist 5 1 comes across the pole part 220 on the 
gap film 24, and does not overlap the insulated film 25. The resist 51 having 
such a pattern can be formed by photolithography technique. In the case of 
forming the thin film magnetic head shown in Figs. 6 and 7, the resist 51 is so 
formed that it may come across the pole part 220 on the insulated film 25 in 
Figs. 14 to 16. 

Subsequently, as shown in Figs. 17 to 19, the subsidiary magnetic 
film 225 is formed within the area surrounded by the resi st 5 1 . The sub sidiary 
magnetic film 225 is stuck on the surface of the yoke part 221 in the main 
magnetic film 224 and on the surface and the side of pole part 220 within the 
spaces 52 and 53 (see, Figs. 15 and 16). The subsidiary magnetic film 225 is 
composed of a permalloy-plated film, for example. Its thickness'is around 
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3 |xm. In the case that an area to be plated is insulative, as above-mentioned, 
the plated underfilm is formed on the area. The main magnetic film 224 and 
the subsidiary magnetic film 225 may have different compositions, each other, 
as above-mentioned. 

Next, as shown in Figs. 20 to 22, the resist 51 is peeled off. 
The resist 51 may be peeled off by a well known chemically means to an 
ordinary person skilled in the art. By peeling off the resist 5 1 , the yoke 
forefront surface 222 to define the Throat Height "0" is formed in the 
forefront surface of the subsidiary magnetic film 225 contacting to the 
resist 51. 

Thereafter, as shown in Figs. 23 and 24, the protective layer 26 is 
stuck. The protective layer 26 may be formed, by a sputtering method, for 
example, of a well known material such as alumina. The protective film 26 
covers the subsidiary magnetic layer 222 constituting a top layer and the 
insulated film 25 and embeds the steps between the yoke forefront surface 
222 composed of the subsidiary magnetic film 225 and the pole part 220 
composed of the main magnetic film 224. Thereby, the thin film magnetic 
head shown in Figs. 1 to 4 can be obtained. 

The above process is performed on a wafer. Not explained, for 
obtaining the thin film magnetic head as a single part, the wafer is cut, ground, 
and polished, etc. 

Figs. 25 to 32 are views showing the manufacturing method of the 
thin film magnetic head shown in Fig. 8. Not explained, the steps shown in 
Figs. 25 to 32 may be applied to the thin film magnetic head in which the 
yoke forefront surface rises up on the insulated film (see, Figs. 6 and 7). 

First of all, the first magnetic film 21, the gap film 24 and the thin 
film coil 23 supported by the insulated film 25 are formed on the substrate 1 
and thereafter the main magnetic surface 224 is formed. The main magnetic 
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film 224 has the yoke part 221 and the pole part 220. The pole part 220, of 
which the one end is connected to the yoke part 221, is so formed that it may 
be opposite to the first magnetic film 21 via the gap film 24. The backside 
of the yoke part 221 is magnetically connected to the first magnetic film 21. 

Moreover, by employing the steps shown in Figs. 14 to 16, the 
subsidiary magnetic film 225 is formed on the main magnetic film 224. 
Figs. 25 to 27 shows the state after forming the subsidiary film 225. 

Then, as shown in Figs. 28 to 30, the gap film 24 and the first 
magnetic film 21 are partially removed in the both sides in its width direction 
of the pole part 220 to form the depressed portions 41 and 42. The depressed 
portions 41 and 42 may be formed by an ion-milling method, etc. 
Subsequently, the protective film is stuck as shown in Figs. 31 and 32. 

Figs. 33 to 49 show die manufacturing method of the thin film 
magnetic head shown in Figs. 8 and 9. Not explained, the process in 
Figs. 33 to 49 may be applied to the thin film magnetic head in which the 
yoke forefront surface rises up on the insulated film (see, Figs. 6 and 7). 

First of all, die first magnetic film 21, the gap film 24 and the diin 
film coil 23 supported by the insulated film 25 are formed on the substrate 1 
and thereafter, as shown in Figs. 33 to 35, die main magnetic surface 224 is 
formed. 

Then, as shown in Figs. 36 to 38, the gap film 24 and the first 
magnetic film 21 are partially removed in the both sides in its width direction 
of the pole part 220 to form the depressed portions 41 and 42. To the bottom 
surface of the depressed portions 41 and 42 is exposed the surface of the first 
magnetic film 21. 

Next, as shown in Figs. 39 to 41, the non magnetic film 226 is 
stuck at least on the exposed surface of the first magnetic film 21, which is 
formed by partially removing the first magnetic film.' In this embodiment, 
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the non-magnetic film 226 is stuck on the surfaces of the yoke part 221 of the 
main magnetic film 224 and the pole part 220. The non-magnetic film 226 
may be formed by the plating method or the sputtering method, as above- 
mentioned. 

Subsequently, as shown in Figs. 42 to 44, the pattern of resist 51 is 
formed around the main magnetic film 224. The pattern of the resist 51 
covers the pole part 220 within the intermediate part from the forefront part of 
the pole part 220 and has the spaces 52 and 53 between itself and the side of 
the pole part 220 within die yoke part 221 from the intermediate part. 
The resist 51 having such a pattern may be formed by a photolithography 
technique. 

Next, as shown in Figs. 45 to 47, the subsidiary magnetic film 225 
is formed within the area surrounded by the resist 51. The subsidiary 
magnetic film 225 is stuck on the surface of the yoke part 221 in the main 
magnetic film 224 and on the surface and sides of the pole part 220 within the 
spaces 52 and 53 (see, Figs. 43 and 44) 

Then, after the resist 51 is peeled off, the protective film 26 is 
stuck as shown in Figs. 48 and 49. 

The present invention is explained in detail with reference to the 
concrete preferred embodiments, but it will be obvious to an ordinary person 
skilled in the art that its configuration and its details may be variously 
changed without departing from the spirit and the scope of the invention. 

As above-mentioned, the present invention can be provide the 
following effects: 

(a) The thin film magnetic head having a narrowed recording track width can 
be provided. 

(b) The thin film magnetic head having an excellent overwrite characteristic 
can be provided. 



99081 (10-222,769 



-25- 



(c) The thin film magnetic head capable of reducing a spacing loss can be 
provided. 

(d) The thin film magnetic head capable of certainly protecting the magnetic 
film constituting the pole part from oxidation and erosion, etc. can be 
provided. 

(e) The manufacturing method suitable for the thin film magnetic head can be 
provided. 
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